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INTRODUCTION 
Environmental health is a branch of public health that studies how the environment, 
which includes related physical, chemical, biological and social factors, influences human health 
and disease. It encompasses the assessment and control of those factors in order to prevent 
disease, promote health, and create health-supportive environments “through organized efforts 
and informed choices of society, organizations, public and private communities, and 
individuals.”1 This modern definition from the World Health Organization emphasizes social 
coordination and informed decision making. That is, governments and other organizations look 
to scientific research when making decisions about health care on a large scale. Scientific 
research comes from studying environmental epidemiology and exposure science to determine 
the effects of environmental factors on human health along with toxicological studies that 
conduct experiments on the relationship between toxin dosage and health.2 From these studies, 
risk levels can be assessed which are used in environmental health policy to regulate the amount 
of acceptable exposure.3 The government enforces these levels through implementing laws as 
well as creating infrastructure that protects human health from adverse environmental factors and 
provides a safer environment for people to live and work.  
Given this modern language of “dosages” and “epidemiology,” it may be hard to imagine 
that ancient civilizations such as Greece and Rome would have had any understanding of how 
                                                          
1 WHO 2019, “Environmental health.”  
2 Environmental epidemiology studies the relationship between environmental exposures such as 
chemicals, radiation, etc. and human health, often using observational studies. Exposure science involves 
studying human exposure to environmental hazards by identifying as well as quantifying the exposure 
level. Toxicology, on the other hand, studies how environmental exposure directly leads to specific health 
outcomes often by conducting animal studies to identify adverse dose levels which are extrapolated to 
human health. See Newton 2013.  
3 Frumkin 2016, 71-72. 
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the environment affected their health. In contemporary America, the general population probably 
assumes that ancient societies had little to no understanding of the concept of environmental 
health because they lacked the technology and methods of modern scientific research, as well as 
modern approaches to governmental regulation.  
This assumption is often enforced in current public education, where the extent of 
explanation for ancient understanding of the natural world is simply divine intervention.4 It is 
taught that ancient societies believed the anger of gods and goddesses was the cause of natural 
phenomena such as diseases. Influences from the environment are not mentioned as possible 
sources of explanation. This is not to say that divine explanation was not part of the picture; it 
was indeed one approach the ancients took when seeking to rationalize the world around them. 
Examples of this divine explanation exist in ancient literature—in the Iliad, for example, when 
Phoebus Apollo comes “down from the peaks of Olympus, angered at heart… and let fly an 
arrow” in the form of a plague as punishment for Agamemnon refusing to return the daughter of 
the priest Chryses. The cause of the plague is imagined as divine retribution brought by Apollo 
in answer to Chryses’ prayers, and the only way to stop the plague is for Agamemnon to do as 
Chryses requests. 5 In essence, divinity in the form of Apollo is imagined as both the source and 
remedy for disease. It would be misguided, therefore, to completely disregard this aspect of 
ancient understanding. Yet it would be also be wrong to say that divine forces were all that there 
was to ancient understandings of health and illness.   
                                                          
4 Beck, Roger B. et al. 2007, 125. As an example, a high school world history textbook presents ancient 
Greek myth and religion as follows: “Through the myths, the Greeks sought to understand the mysteries 
of nature and the power of human passions. Myths explained the changing of the seasons, for example.”  
5 Homer, Iliad I.44-52; 445-470. 
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In contrast with divine explanation as seen in the Iliad’s account, Thucydides in his 
History of the Peloponnesian War leaves speculation as to the origin of the Athenian Plague to 
other writers instead of attributing it simply to divine anger. He chooses to describe and observe 
the symptoms of the plague in almost clinical fashion rather than making assumptions.6 This is 
related to another subset of ancient understanding that comes from the influence of the pre-
Socratic philosophers, who rejected mythological explanations and sought to give rational 
explanations of the phenomena they observed.7 Instead of believing in arbitrary intervention 
from the divine, the pre-Socratics were keen on observing the patterns in the natural world and 
making sense of them. For example, the Pythagoreans considered the basis of the universe to be 
numbers, because “in numbers they thought they observed many resemblances to things that are 
and that come to be.” They found patterns in nature that were numerical and thought numbers to 
be “elements of all things that are.”8 This understanding of numbers may even have influenced 
later medical thinking, particularly concerning critical days, which were specific days that were 
especially important during the progression of a disease.9 Other pre-Socratic thinkers included 
Anaximenes, who thought air was the basic substance that forms all things10, and Empedocles, 
who argued that four elements (water, earth, air and fire) form everything in the world. 11These 
philosophers brought inquiry into the natural world and used reasoning rather than divine 
causation to explain natural phenomena.  
                                                          
6 Thucydides, History of the Peloponnesian War 2.48.3. 
7 Burnet 1920, 8-9. 
8 Aristotle, Metaphysics 1.5 985b23–28; 33–986a2.  
9 Nutton 2004, 46. 
10 Burnet 1920, 10. 
11 Ibid., 34. 
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Natural causation and divine intervention may seem like separate spheres of thought and 
may feel as if one came before the other, yet the two explanations were in fact often entwined in 
the ancient understanding of the world. That is, the concept of divinity at work never goes away, 
even in these medical texts that seem to prefer “natural science” over divine explanation, as they 
give considerable space to empirical observation of disease patterns. For example, the 
Hippocratic treatise Sacred Disease combines both explanations for illness. The writer states that 
the “sacred disease,” which has symptoms resembling epilepsy and mania, seems “no more 
divine than any others; it has the same nature as other diseases, and the cause that gives rise to 
individual diseases.”12 So while this disease is sacred, it is not uniquely sacred, because in the 
Hippocratic view, all illnesses are equally divine. However, coupled with this statement, the 
writer explains these diseases as natural phenomena caused by excess of fluids, such as bile or 
phlegm, that affect the brain. Furthermore, the author of the Hippocratic text Regimen describes 
that it is the power of the divine that allows true doctors to understand the whole course of 
disease, starting from the beginning to its prognosis in the future.13 A physician’s ability to 
diagnose an illness involved a knowledge of the symptoms and also hidden nature of the 
disease—a knowledge that could be understood as god-given. Not only does the origin of disease 
entwine natural causation and divinity, but also the physician’s role seems to involve both as the 
spheres overlap. As Vivian Nutton in Ancient Medicine explains simply, “prayers to the gods are 
good, but man should also lend a hand.” 14 
Along with the belief that divinity was a factor, ancient Greek and Roman interest in 
other ways of understanding led them to an awareness of the concept of environmental health in 
                                                          
12 [Hippocrates], Sacred Disease V.1. 
13 Nutton 2004 in a discussion of [Hippocrates], Regimen IV.87 
14 Nutton 2004, 66. 
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its most basic definition, which is the study of how the environment influences human health and 
disease. I will use modern concepts of environmental health and apply them to the ancient 
context to explore the way in which ancient Greeks and Romans understood the connection 
between the natural world and human health. As the range of ancient perspectives on 
environmental health is potentially vast, in this thesis I will attempt to answer a number of 
specific questions concerning ancient civilizations’ assessment of environmental health. For 
example, did ancient Greeks and Romans demonstrate an understanding of the effects of climate 
conditions and natural substances on health? How did they attempt to control their environment 
in order to prevent disease and to promote health? To answer these questions, I will focus on a 
number of selections from primary texts by ancient writers, including the Hippocratic physicians, 
Dioscorides, and Frontinus. Despite this focused approach, the works I discuss are written by 
individuals with a range of perspectives, from physicians to encyclopedists to civil engineers. 
This enables a broad perspective on environmental health as part of the ancient social context. 
The thesis is divided into three sections, each of which analyzes a particular aspect of 
environmental health in the ancient context. The organization of the sections will roughly follow 
a chronological order in history, beginning with the Hippocratic tradition and ending with the 
Roman Imperial era. The first section focuses on the concept of environmental health existing in 
the ancient Greek world as seen through the analysis of the Hippocratic treatise Airs, Waters, and 
Places. The second section will address the ways in which the natural world can be manipulated 
on an individual scale, as suggested in De materia medica by the encyclopedist Dioscorides. The 
focus here is on herbal remedies and lore as they relate to toxicology, a modern discipline that 
studies how health is affected by differences in dosage and scale of exposure to environmental 
substances. The third section focuses on engineering the environment on a larger scale, as 
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discussed by the civil engineer Frontinus in his treatise De aquis. Broadly speaking, there was a 
shift in the Roman Imperial era with initiatives to promote the health of the community by 
creating specific architecture, in particular aqueducts, which helped with sanitation.  
As there are few studies dedicated specifically to the perception of environmental health 
in the ancient world, this essay offers a new perspective for scholarship on ancient health and 
medicine. In addition, this thesis will expand knowledge of health in the ancient world beyond 
just the physician’s role as an individual agent in healing. Rather, this thesis will discuss the 
social and preventative measures that were taken by communities to manipulate the space around 
them to promote health.  
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SECTION I: HIPPOCRATES AND THE IMPACT OF ENVIRONMENT ON HEALTH 
Hippocrates is lauded as the “Father of Medicine,” yet very little is known of the man 
himself. He is believed to be from the island of Cos and lived roughly from c. 460-370 BCE.15 
Numerous medical treatises known collectively as the Hippocratic Corpus are attributed to him. 
However, it is possible that none of the texts were written by Hippocrates due to the range of 
geographical origins and dates of the treatises’ composition.16 Thus, the texts reflect the differing 
views of many writers. The variations within the corpus will not be an issue for this section, as 
the prevailing theories related to environmental health have much in common, but it is still 
important to keep in mind that the corpus is a conglomeration of works from various 
contributors.  
In Prognosis, one Hippocratic writer states that it “becomes necessary to know the nature 
of such affections” (i.e., diseases) in order to gain knowledge of how to treat them properly. The 
more knowledge one has concerning the “nature” or cause of illness, the logic runs, the more 
likely the physician can provide effective treatments. In a world without a medical accreditation 
system, honing this technique of prognosis was crucial to gaining credibility as a healer. This 
attempt to deduce “general rules on the origin and development of diseases from observation of 
individual cases” can be seen in numerous Hippocratic texts besides Prognosis.17  
In the ancient world, disease was often understood as resulting from changes within the 
body. In the Hippocratic text Nature of Man, the writer explains that the body is made up of 
bodily “humors,” or fluids, such bile and phlegm. Hence, illnesses are caused when these fluids 
                                                          
15 Lagasse 2018.  
16 King 1998, 21. 
17 Jouanna 2002, 5. 
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are “heated, cooled, dried, or moistened contrary to nature.”18 It is the imbalance of these 
substances that leads to disease. Conversely, health is maintained when the substances are 
present in moderation without extreme conditions.  
However, balance or imbalance within the body can also be influenced by exposure to 
external elements. In another excerpt from Nature of Man, the writer states that in some cases, 
diseases arise from external factors such as “the breathed air which, by taking in, we live.”19 
Thus, another view of disease is that it comes from outside the body in the form of 
environmental influences. The prominence of these environmental factors in health outcomes is 
seen in multiple works from the corpus, including Airs, Waters, and Places, Humors, and 
Aphorisms.  
Like the writer of Prognosis, the author of Airs, Waters and Places wrote his treatise as a 
guide for other physicians to learn from. He states that having knowledge of “the nature of those 
[diseases] that commonly prevail” as these relate to seasons, weather, and cities will allow a 
physician to be better equipped “in securing health” and advance the “practice of his art.”20 
Therefore, having knowledge of how these various environmental factors influenced health was 
regarded as a crucial part of a physician’s ability to make prognosis of the course of a disease. In 
general, then, physicians in the ancient world operated with some sort of awareness of the 
concept of environmental health. Further investigation of Airs, Waters, and Places will make it 
possible to see the extent of ancient interest in how various environmental factors, such as water 
and the seasons, influenced disease and human health.    
 
                                                          
18 [Hippocrates], Nature of Man II.16-20. Cited in Johnston 2006.  
19 Ibid., IX.11-13. 
20 [Hippocrates], Airs, Waters, and Places II.7-26. 
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Season and Climate 
In the first part of Airs, Waters and Places, the Hippocratic writer states:  
 
“Whoever wishes to pursue properly the science of medicine must proceed thus. First, he 
ought to consider what effects each season of the year can produce; for the seasons are 
not at all alike, but differ widely both in themselves and at their changes. The next point 
is the hot winds and the cold, especially those that are universal, but also those that are 
peculiar to each particular region.”21 
 
In this passage, two physical factors, seasonal and climatic influences, are identified as 
being important to consider when making a medical prognosis, as each affects health in different 
ways. The writer begins with climatic influences in the form of wind that is blown to a region. 
The wind may be labeled by its temperature, such as hot or cold, or by its directionality, such as 
northern or southern. Using these different labels, the writer then considers the cases of various 
cities. In a city exposed to “hot winds” from the south, the heads of inhabitants will be humid 
and full of phlegm which runs down to the stomach, causing frequent disorders, including attacks 
of dysentery, diarrhea, chronic fevers and hemorrhoids.22 On the other hand, in cities with 
opposite exposure to “cold winds” from the north, people have more bile than phlegm, while 
their internal fluids frequently move upwards. This causes the heads of inhabitants to be “healthy 
and hard” but liable to hemorrhages. Ailments that prevail in these cities are pleurisy and “acute 
diseases,” because the belly is hard and constipated due to the upward motion of fluid.23 Thus, it 
                                                          
21 [Hippocrates], Airs, Waters, and Places I.1-8. 
22 Ibid., III.3-10;21-24. 
23 Ibid., IV.1-7;11-19. 
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is evident that the Hippocratic writer seeks to understand the influences of winds in terms of their 
physical effects on the body.  
The writer is not quite so transparent when he considers the impact of the seasons on 
disease: 
 
“…if the winter be moderate, neither too mild nor unseasonably cold, and if the rains be 
seasonable in spring and in summer, the year is likely to be very healthy. If, on the other 
hand, the winter prove dry and northerly, the spring rainy and southerly, the summer 
cannot fail to be fever-laden, causing ophthalmia and dysenteries.”24  
 
The discussion of seasons is combined with comments on the severity of the weather, and also 
with observations on the weather of the following season, making it hard to clearly differentiate 
the effects of each season on disease.  
For a more direct account of Hippocratic thought regarding the effects of the seasons on 
health, one might consider Nature of Man. According to this treatise, each of the four seasons is 
defined by two elemental qualities: winter is cold and wet; spring is hot and wet; summer is hot 
and dry; autumn is cold and dry. The writer here is not focused on environmental effects but 
rather dietetics and what should be eaten in each season in order to “lead a normal life.”25 For 
example, during the winter, one should eat “barley bread and roasted meats” while “vegetables 
should be taken as little as possible during this season; this is the best diet to make the body dry 
and hot.”26 Because the season is cold and wet, the types of food that should be eaten are those 
                                                          
24 [Hippocrates], Airs, Waters, and Places X.6-12. 
25 Jouanna 2012, 149. 
26 [Hippocrates], Nature of Man VI.72 Cited in Jouanna 2012. 
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that will dry and heat the body. In contrast, during the summer, the diet should be cold and wet in 
order to provide contrast with the hot and dry season which “makes bodies burnt and parched.”24 
Thus, different seasons are understood to have different effects on the body. In particular, these 
seasons influence the internal temperature of an individual, which in turn impacts their health. 
Therefore, the Hippocratic writer recommends making adjustments in diet to combat those 
environmental influences.  
In summary, the ancient thinkers whose texts are preserved in the Hippocratic Corpus had 
an understanding that physical influences from the environment, in particular climatic and 
seasonal factors, could affect health by changing the temperature and fluids of the body. When 
these factors lead to internal imbalance, individuals are more prone to disease and health 
ailments. 
Although a modern biomedical understanding of disease does not include imbalance of 
bodily humors caused by climate and season, some patterns picked up by the ancients find 
parallels in modern times. The idea of winds affecting health could be compared with modern 
concern about pollutants in the air that individuals inhale. Set wind patterns around the globe 
may have large-scale health impacts by transporting those pollutants to different areas. Such case 
may be seen in east Asia, where soot, ozone-forming compounds, and other air pollutants which 
can lead to lung damage, are blown eastward from China to Korea and Japan.27 On the other 
hand, seasonal patterns are a concern in modern epidemiological studies. Winter months are 
associated with diseases such as respiratory infections, colds and influenza. Every year, a spike 
                                                          
27 Galbraith 2013. According to the World Health Organization, ambient air pollution is linked to various 
health effects including heart disease, stroke, chronic obstructive pulmonary disease, lung cancer, and 
acute respiratory infections. (WHO 2019, “Ambient air pollution: Health impacts.”)   
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in influenza viruses occurs particularly during the fall and winter, with the result that people 
colloquially call this time period “flu season.”28  
In general, both ancient and modern individuals observe their surroundings and note 
patterns that occur concerning the interactions between the environment and human health. Just 
as the Hippocratic writer attempts to record climatic and seasonal influences on health, modern 
scientists conduct epidemiological studies to correlate environmental exposure with health 
outcomes. In some cases, the patterns that ancient authors picked up on appear to align with 
modern thinking. The differences in mode of explanation come from a change in perspective. 
The ancient Greeks had no concept of pollution or microorganisms. As they could not see these 
contaminants, they made the assumption that it was the wind or season itself that caused the 
illness, while modern scientists understand that it is the contaminants in the air that cause health 
effects.  
In spite of the fact that the sources of environmental impact are not precisely the same, 
the effects on the physical body and therefore on health are similar. Contaminants such as 
pollutants and microorganisms from the air will enter the body and disrupt its internal stability, 
or homeostasis leading to health complications and disease. According to the definition of 
homeostasis by Walter B. Cannon, who coined the term, “changes in the surroundings excite 
reactions in this system, or affect it directly, so that internal disturbances of the system are 
produced.”29 The body has an equilibrium state that maintains ideal living conditions, while 
external factors can tip the balance. This modern notion parallels the general concept in the 
ancient world of good health or hygieia being the “proper balance of the body’s elements, as 
                                                          
28 CDC, “The Flu Season.”  
29 Cannon 1929, 400. 
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opposed to the unnatural state of disease.”30 And so, although the ancient thinkers were not 
aware of the contaminants found in the environment, they had the intuition that disease was 
caused by the imbalance of internal body systems due to the influence of external factors.   
Influence of Water 
In the first section of Airs, Waters, and Places, after declaring the importance of knowing 
seasonal, climatic and geographical influences on health, the writer states that physicians should 
be aware of how specific types of water will lead to favorable or unfavorable health outcomes: 
“He must also consider the properties of the waters, for as these differ in taste and in weight, so 
the property of each is far different from that of any other.”31 In the simplest terms, water can be 
described by its temperature, hot or cold. Other times, the Hippocratic writer utilizes the various 
sensory perceptions such as sight, smell, taste, and texture to provide an accurate description of 
the distinctive waters that physicians reading the treatise should be familiar with. For example, 
rainwater is described as the “lightest, sweetest, finest, and clearest.”32  
Despite the fact that the writer divides up water into distinct categories, associations 
between certain types of water and specific health effects are not directly causal, particularly 
because different water types may be affected by external influences such as sun and winds. 
Concerning stagnant, marshy waters, the treatise explains that stagnant waters are thick, with a 
strong smell in summer because of the sun heating them; these can cause ailments by fostering 
bile. In the winter, the waters become “frosty, cold and turbid through the snow and frosts, so as 
to be very conducive to phlegm and sore throats.”33 Thus, there is a cyclical aspect to diseases 
caused by water that depends on the time of year and season—a prominent external influence 
                                                          
30 Stafford 2005, 108.  
31 [Hippocrates], Airs, Waters, and Places I.8-11. 
32 Ibid., VIII.3-4. 
33 Ibid., VII.8-15. 
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that is found throughout the entire treatise. In addition, the orientation of fountain springs is 
described as having an effect on the water quality. The waters “whose flow breaks forth towards 
the rising… of the sun… must be brighter, sweet-smelling, and light.”34 Fountains facing to the 
east are the best, while worst are those facing to the south. Furthermore, in the case of fountain 
waters, those that have their sources in soil that produces thermal water have negative health 
effects, because these waters will have “iron… or copper, or silver, or gold, or sulphur, or alum, 
or bitumen or soda” in them.35 Good waters cannot come from such soils, because their hard and 
hot nature makes the water difficult to pass through the body. Numerous physical conditions 
must be taken into consideration as they influence water quality and health outcome.  
The ways in which various types of water affect health, according to the treatise, are not 
limited to external factors, because internal, innate conditions cause different reactions that 
physicians must also take into consideration. Depending upon age, individuals may encounter 
different ailments. For example, concerning exposure to stagnant water, while summer ailments 
are the same for all age groups, during the winter, “young people suffer from pneumonia and 
illnesses attended by delirium,” while older people are liable, “through the hardness of their 
digestive organs, to ardent fevers.”36 Furthermore, there is a difference in the constitutions of 
individuals when it comes to how they are affected by water they consume, so they must heed 
what type of water is most suited for them. People with digestive organs that are “hard and easily 
heated” should drink water that is “the sweetest, lightest and the most sparkling,” while those 
with “soft, moist and phlegmatic” stomachs should choose to drink the “hardest, most harsh, and 
saltiest” water, for those will dry up bowels.37 Thus, depending on the individual’s stomach 
                                                          
34 [Hippocrates], Airs, Waters, and Places VII.59-62. 
35 Ibid., VII.48-51. 
36 Ibid., VII.27-31. 
37 Ibid., VII.85-90. 
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constitution, different water should be taken to counter the internal condition in order promote 
health.  
  The Hippocratic writer provides various physical and biological factors that physicians 
should take into account when considering what type of waters cause diseases and affect health. 
The environment influences water quality, making some waters more dangerous than others, 
while the natural constitutions of individuals also influence how the different types of water 
affect health.38 This is similar to the modern notion in medicine that disease is caused by both 
genetic susceptibility and environmental influences, rather than solely by one or the other.  
One example of the combination of genetic and environmental factors may be seen in 
cases of arsenic in modern scientific studies. Arsenic is a highly toxic chemical that may be 
consumed due to contamination in water supply. The chemical itself is a natural component of 
the earth’s crust and is naturally present at high levels in the groundwater of various countries 
across the world.39 Continual consumption of water with elevated levels of inorganic arsenic has 
been linked to various ailments such as cardiovascular disease, diabetes and cancer. Nonetheless, 
different human populations have varying efficiencies in arsenic metabolism; the indigenous 
populations in the Andes, for example, are shown to be proficient at metabolizing the harmful 
chemical. This may be due to genetic differences particularly relating to the AS3MT gene, which 
promotes arsenic metabolism by methylation of the chemical. Several variants on the genes or 
single nucleotide polymorphisms (SNPs) have been linked to more efficient metabolism of 
inorganic arsenic.40 Therefore, the effects of certain drinking waters are determined not only by 
                                                          
38 Jouanna 2012, 150. 
39 WHO 2018, “Arsenic.” 
40 Engstrom et al. 2013, 1-2.  
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external chemical factors, but also by differences in genetic predisposition, since some people 
have the genetic capacity to reduce the harmful effects of arsenic.  
Although the Hippocratic writer did not have a modern scientific understanding, they had 
a similar intuition that environmental factors, along with the differences in people’s 
susceptibilities, affected health and disease. The metals that the writer lists as causing waters to 
become insalubrious are not same as the current major metal water contaminants such as arsenic, 
cadmium, or lead; however, the basic thinking that the environment may contaminate water 
sources is consistent.41 Additionally, although the writers had no awareness of genetics, they 
were still able to conclude that differences in people’s natural constitutions affected the impact of 
drinking water on their health.  
Gender Influences 
The Hippocratic writer also drew another set of distinctions relating to health that is 
considered significant today: they differentiate between the genders. Even when describing the 
effects of the climate and seasons on health, the writer of Airs, Waters and Places specifies 
different health effects for males and females. For example, concerning cities with exposure to 
cold winds, the writer states explicitly that diseases such as ulcers and inflammations of the eyes 
are particular to men, while women have different sorts of ailments, like irregular menstruation 
discharges.42 Throughout the text, the Hippocratic writer lists diseases and health conditions for 
males and females separately. This reflects a basic appreciation of biological differences between 
men and women, and therefore the differences need to be taken into account when considering 
health effects.  
                                                          
41 Jaishankar et al. 2014, 61.  
42 [Hippocrates], Airs, Waters, and Places IV.24-26, 35-38. 
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This is further reinforced by the existence of several Hippocratic texts specifically 
oriented towards females, such as Diseases of Women and Sterile Women. The fact that there are 
texts exclusively dedicated to diseases relating to one gender suggests that women were viewed 
as distinct from men. The difference that primarily distinguished males and females was the 
texture of the flesh, where women were considered to be “soft to the touch, loose-textured, wet 
and spongy” while men were described as “drier and firmer,” as explained in the first section of 
Diseases of Women.43 Even in Airs, Waters and Places, the writer explains that because of the 
“humidity of their constitution,” women exposed to “southerly, rainy and mild” winter winds 
may be apt to miscarry due to phlegm descending from the brain.44  
Furthermore, the health afflictions listed for women consist mainly of effects on 
menstruation and fertility. The “looseness” of women’s flesh absorbs more fluid from their diet 
than men, and according to the Hippocratic conception, this is why women need to menstruate: 
to rid the body of the surplus. Otherwise, the buildup will lead to disease or even death.41 
Therefore, an understanding of women’s health requires awareness of the regularity of 
menstruation as well as how heavy menstrual loss is. For men, the health complications listed 
tend to be general illnesses like dysentery, fevers, etc. Therefore, environmental factors influence 
men and women differently because the two genders differ in texture and composition, causing 
different reactions to changes in external conditions.  
The ancient conception that the environment affects genders differently is an 
understanding also held in modern times. For example, contemporary scientific research shows 
gender differences in susceptibility to pesticide exposure; there is evidence that men and women 
have different health risks and outcomes. Pesticides are known to perturb gut microbiomes in a 
                                                          
43 King 1998, 29-30. 
44 [Hippocrates], Airs, Waters, and Places X.41-44. 
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gender-specific way, such that females are more resistant to pesticide exposure, while pesticides 
have more significant effect in downregulating neurotransmitters in males.45 In this aspect, both 
the ancient and modern thinkers shared a similar basic idea that not all bodies are affected in the 
same way due to differences in natural constitution between the two genders. The observation is 
universal. The difference in the explanation lies in the level of understanding of how the human 
body works, which depends on the available knowledge of the time period.  
                      
  
                                                          
45 Lu 2018.  
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SECTION II: DIOSCORIDES AND THE MATERIAL OF MEDICINE 
From analyzing Hippocratic texts, particularly Airs, Waters, and Places, it can be 
concluded that the ancient world had an understanding of the concept of environmental health. 
The ancients deduced that exposure to certain climatic conditions, seasonal patterns and winds 
affect what diseases people might get. They understood that quality of water also has an impact 
on human health and that biological differences, particularly between genders, influence what 
illnesses can impact an individual.  
Despite their understanding of the effects of the environment on health, the Hippocratic 
writers were not generally concerned about medicalizing the natural environment into herbal 
medicines or drugs. Instead, they focused more on dietetics, which involve restoring balance to 
the body through control of what foods are consumed. Hippocratic writers frequently prescribed 
sition, solid food, to be consumed as a way to remove excess fluids or replenish deficiencies, 
rather than utilizing natural material from the environment as pharmaka to produce purgative 
and other therapeutic effects.46  
  Nonetheless, it is evident in other sources that medical use of plants was significant in the 
ancient world. The earliest evidence comes from the Homeric epics written around the 8th 
century BCE. In the Iliad, Patroclus applies a “bitter pain-killing root” to Eurypylus’ arrow 
wounds to cease blood flow, while in the Odyssey, Helen essentially puts a tranquilizer drug into 
her guests’ wine.47 Athenian playwrights also provide evidence that understanding of herbal 
                                                          
46 Although the Hippocratic writers tried to distinguish what differentiated drug/medicine from food, 
often times the boundary between pharmacology and dietetics was blurred. They were also aware that 
some everyday foods have beneficial health effects and may be used in non-dietetic ways. And so, despite 
attempts to separate themselves from health practitioners who dealt in pharmaka, they did not come up 
with a systematic definition defining the boundaries between food and drug. The distinction gained 
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accounted for the difference. For more information refer to Totelin 2015. 
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remedies was common knowledge during the 5th century BCE. The fragments from the lost play 
Rhizotomoi (Root-cutters) by the Greek tragedian Sophocles and Peace and Lysistrata by the 
playwright Aristophanes included puns and allusions to herbal remedies and contraceptives.48 
Whether the play is a tragedy or comedy, material within the story must be easily understood by 
general audiences, so we can conclude that the Athenians watching these plays would have 
understood the references and allusions made about herbal remedies. This general understanding 
does not seem unusual in the context of ancient society, as most people were farmers. Therefore, 
they would have been exposed to various plants daily and would have been familiar with herbal 
folklore describing how to use them. 
  By the 3rd century BCE, we have evidence for more technical treatises where authors 
wrote about medical plants in a scientific and therapeutic context, unlike the previous literature 
which included more folkloric elements. Diocles, a Greek philosopher and early pioneer of 
medicine, appears to have been the first to write about herbal medicine, although only fragments 
of his work have survived.49 The philosopher Theophrastus was influential in pharmacology 
through his botanical research Inquiry into Plants, where he compiled ten books concerning a 
variety of plants from across the world. In the ninth book, he focuses specifically on herbal 
plants and how to harvest them for medicinal use. Other works, such as the second century BCE 
poems of Nicander, the Theriaca and Alexipharmaca, further demonstrate an understanding of 
toxic substances: Nicander describes agricultural folklore detailing poisonous creatures such as 
spiders, cobras, and wasps, as well as what antidotes should be given against each poison.50 In 
the Roman Imperial period, authors such as Dioscorides and Pliny the Elder (first century CE), 
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also wrote about pharmacology.51 Thus, numerous works were available to the public for general 
circulation and use beyond medical works like the Hippocratic Corpus, whose main audience 
was physicians.    
  Dioscorides of Anazarba is of particular interest, because his major encyclopedic treatise 
De materia medica focuses solely on listing and analyzing the natural products found in the 
environment for medical use. It should be noted for context that concerning the author himself, 
little is known except that he was a Greek physician born in the town of Anazarba, according to 
the preface of his work. Dioscorides may have also been a military doctor in the Roman legion, 
as he describes traveling across the Mediterranean basin, which would be easier to accomplish if 
he were a soldier.52 He is a prime example of how ancient people thought about the medical 
potential from natural products they were in contact with throughout their daily lives. In his 
treatise, Dioscorides explains how to use products from the environment as herbal drugs, taking a 
distinctly medical view. His treatise demonstrates a medical outlook in the following ways: the 
treatise is structured according to substances’ physiological effects; he is interested in the 
relationship between dosage and efficiency; and he demonstrates knowledge of artificial 
enhancement.  
Organizations by Properties 
Dioscorides begins his preface by commenting that although many writers, both ancient 
and contemporary, have written about the “preparation, properties, and testing of drugs,” his 
account will fill in the incomplete or questionable areas provided by those writers. Not only were 
his predecessors unreliable due to their dependence on written sources rather than 
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experimentation, but Dioscorides also criticizes them for their lack of useful organization of 
natural substances:  
 
“Niger and the rest of them have also blundered regarding organization: some have 
brought into collision disconnected properties, while others used an alphabetical 
arrangement, separating materials and their properties from those closely connected to 
them. The outcome of this arrangement is that it is difficult to commit to memory.”53  
 
Dioscorides’ organization differs from the previous works by using a listing each substance 
“according to the natural properties of each one of them.” He does not group plants from the 
natural world into groups based on their physical appearances or in groups of similar families. 
His view of plants is medicalized in the sense that the natural products are presented as 
substances targeted to specific ailments rather than as just natural materials found in the 
environment. 
Broadly, he divides his treatise into five books. Within each book, the different natural 
materials are organized according to their specific properties and the specific health effects they 
treat.54 For example, in Book I, Dioscorides attempts to organize his material as follows: 
substances with properties that warm the body, then those that mollify or soften, followed by 
substances with other properties such as being astringent, diuretic, drying, cooling, etc.55 Some 
substances may have multiple properties, and those are arranged by primary function. For 
example, despite the fact that Spigne, a member of the Umbelliferae family and Acorus, a 
                                                          
53 Dioscorides, De materia medica Preface III.2. 
54 Beck 2011, xix. 
55 Riddle 1985. Riddle was the first to explain Dioscorides’ method of organization by each drug’s 
physiological effects on or in the body, which Riddle calls “drug affinities.” Riddle’s treatment of the De 
materia medica gives insight into Dioscorides’ methods in a way that encourages the comparison with 
modern toxicology that I pursue in this section.  
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member of the iris family, are vastly different in classification and appearance, they are arranged 
next to each other in Book I because of their similar physiological effects of warming and use for 
digestive tract problems.56  
Dioscorides’ organizational principle is similar to modern pharmacies, which organize 
drugs according to their effects, such as analgesics, laxatives, antibiotics, or antihistamines—
even though the different products are not produced from the same chemical source. Just as all 
the asthma drugs are located in the same section of an aisle in a modern pharmacy, so too does 
Dioscorides lump together medical materials in accordance with the biological effect they have 
on health conditions.  
Dosage and Quantities  
For each natural material, Dioscorides may provide morphology, habitat(s), relative 
qualities, methods of preparation, general properties and specific therapeutic applications, 
adulteration tests, compounding, and directions for storage.57 He does not include each feature 
for every material he lists. If there are no significant storage techniques, he will omit this rather 
than saying that there are none. At times, since substances with similar physiological effects are 
listed together, he may exclude certain descriptions on the assumption that the substances below 
have the same property as the one listed above. Thus, not every entry has a complete written 
description, as Dioscorides opts to include only noteworthy differences. This is also true when it 
comes to doses and quantities. At times, Dioscorides does not provide any quantities, while at 
other times he may provide very specific doses and measurements. 
  One of the first mentions of dosage comes in the sixth chapter of Book I. Dioscorides 
states concerning white and maton cardamom that “one drachma (about 3.411 grams) drunk with 
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the bark of the root of sweet bay breaks [kidney] stones.” In most cases, the dose description is 
similar to this example, where he provides only one dose. On other occasions, he provides 
varying quantities for different severities. For example, Dioscorides mentions that “three leaves 
or three seeds” of treacle clover should be mixed with wine for tertian fever, while four should 
be used for quartan fever.58 The logic seem to be that depending on the severity of the condition, 
a stronger dose may be needed. In another case, the ideal dose for a purgative drug made from 
squirting cucumber is “one obol (0.568 grams), the minimum is one-half obol, and for children 
one dichalcon (⅔ obol).” This is because he states “it is risky to give more.”59 Although 
Dioscorides does not provide an explanation for why it is riskier to give a higher dosage to 
children compared to adults, it seems likely that he might have been aware that the difference in 
body size was an important consideration—just as modern drugs are prescribed in different doses 
for children and for adults.  
  Furthermore, reflecting on the Greek concept of pharmakon, which means both remedy 
and poison depending on the context,60 Dioscorides provides ample evidence that he understands 
that medicine can easily become poison depending upon the quantity provided. In general, 
Dioscorides only provides dosage recommendations for drugs that are so strong they may be 
dangerous.61 Concerning thorn apple, Dioscorides states that “the root has a property that causes 
not unpleasant fantasies when a quantity of one drachma is drunk with wine, but when a quantity 
of two drachmai is drunk, it drives a person out of his sense for up to three days; and if a 
quantity of four drachmai is drunk, it kills.”62 He clearly differentiates the levels at which the 
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substance is medicine and which it becomes poison. However, he is not this specific in every 
case. Dioscorides can be rather vague, saying for example that frankincense may be “lethal when 
too much is drunk with wine.”63 Another case is when he presents the negative side effects of 
consuming excessive quantities of bitter vetch in food or drink—including colic pain and 
bleeding through the bowel and bladder—without clearly differentiating what a problematic 
dosage would be.64 Nevertheless, despite the lack of definite measurements, he does take the 
time to warn the reader about medical substances that are potentially lethal if taken in high 
quantities.  
Thus, Dioscorides had an understanding of the level of efficiency and toxicity of natural 
substances found in the environment. In order to effectively use material from the natural world, 
one must know how much should be used for ideal results, as some may cause harmful side 
effects that can even result in death, which is similar to how overdosing on pharmaceutical drugs 
today can be fatal. Therefore, Dioscorides explains how to manipulate the natural substances 
through specific dosage. It is partly the need for this manipulation that results in a substance 
being classed not just as food and a part of dietetics, but as poison and medicine.  
Artificial Enhancements 
In addition to having awareness of the importance of dosage for health outcomes, 
Dioscorides provides examples of ways to enhance natural substances for different uses. For 
example, cultivated rue eaten without any alterations helps with diarrhea; however, various 
substances being boiled with it will bring about different physiological effects. If boiled “with 
dry dill and drunk,” it will be good for stopping colic and for “pains on the side and chest, 
dyspnea, coughs, inflammation of the lungs...” If it is boiled with “olive oil and infused,” it is 
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good for colon and uterus inflations.65 The health benefits of rue are not solely enhanced by 
boiling; other times, it may be mixed with “soda and pepper” to treat “dull-white-leprosy,” while 
application with honey and alum made it good “for lichen-like eruptions of the skin.”66 From this 
example, it is evident that the effects of natural substances were manipulated with artificial 
methods in order to treat specific ailments.  
In another example with an ointment called Mendesion, Dioscorides explains that simply 
adding a small quantity of cinnamon cassia serves no purpose in trying to make its properties 
similar to ointment made with metopion, which is used to clean sores and is good for torn 
tendons and muscles.  He explains why this is the case, saying: “substances that have not been 
cooked together do not release their properties.”67 Dioscorides shows here that he has some 
awareness of the difference between chemical and physical changes when utilizing natural 
substances. He notes that in order for the ointment to be enhanced to have a specific health 
effect, it needs to be chemically modified by cooking, or else the properties of the substance will 
not be released. He knows that artificial enhancement of drugs may not always be accomplished 
by simply sprinkling ingredients together, but instead by modifying them chemically.  
The artificial enhancement provided by Dioscorides is similar to the modern 
manipulation of natural substances which frequently takes place in organic chemistry. A 
common example would be wintergreen oil, which is often used on skin for muscular and 
rheumatic pain and can be synthesized into aspirin, which is used for reducing pain, fever, and 
inflammation.68 In this modern example, a natural substance found in the environment is 
manipulated to enhance its native effects—a practice ancient individuals also pursued but with 
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different techniques. Dioscorides and modern drug manufacturers recognize similar benefits to 
deriving essential oils from herbal plants and causing chemical changes in them to produce more 
powerful drugs.  
Dioscorides’ approach to analyzing, describing and manipulating natural substances for 
medical purposes has features in common with modern scientific approaches. However, there is 
an important contrast that should be noted. While Dioscorides operates within what we might 
think of as the realm of environmental health through his direct interaction with plants in the 
natural world, the manufacture of modern drugs is often focused solely on interactions with 
synthetic material. In the modern context, such drug development processes belong less to the 
realm of environmental health and more to the realm of chemistry.    
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SECTION III: FRONTINUS AND CONCERNING AQUEDUCTS  
The ancient Greeks, as seen through the Hippocratic Corpus, viewed the cause of illness 
as an imbalance of fluids within the body influenced by both internal and external environments. 
While they suggested restoring balance through dietetic regimens or even pharmaka, as noted in 
the works of ancient pharmacologists like Dioscorides, they did not on the whole seem to 
consider altering their environment and landscape to promote health. The promotion of health 
through public works, such as providing good water supplies and managing a sewage system, 
was a Roman conception. In this way, the Romans took control over their environment, and in 
planning out their cities they incorporated extensive public facilities “for the comfort, 
convenience and health of their inhabitants.”69 Rather than just changing the internal factors that 
influenced health, the Romans actively controlled the world around them.  
Unlike the ancient Greek world, which consisted of various city-states, each with their 
own individual form of government, the Roman state was centralized, which helped to provide 
the conditions for uniform government initiatives to promote public health. Even before the 
Imperial era, the Roman government created legislation that was beneficial to the health of the 
community, such as a law from the Twelve Tables (451-450 BCE) that forbade the burning or 
burial of corpses, which was considered polluting, within the walls of Rome. 70 Furthermore, 
throughout the Republican period, the individual who held the office of aedile was charged with 
caring for the city with respect to the repair and preservation of public buildings such as temples, 
sewers, and aqueducts, as well as cleaning and paving the roads. The Romans delegated 
responsibility to specific magistrates to create and maintain infrastructure that was beneficial to 
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promoting the health and well-being of the city. Public administration of this sort continued 
under the empire but in a more specialized form. As the empire expanded, emperors started to 
increase civil administration by introducing new curatorships. For example, curatores viarum 
were appointed by Augustus to supervise roads near the city, while the quatuorviri were assigned 
to manage those within the city limits.71  
Another important magistracy was the curator aquarum, which was established by a 
senatorial decree in 11 BCE through a law called the Lex Quinctia. The main role of the curator 
aquarum or simply “water commissioner” was to ensure the “delivery and operational aspects of 
the supply of fresh water to Rome,” which was accommodated through the maintenance and 
supervision of the various aqueducts that fed into the city itself.72  Much is known about the role 
of this magistracy thanks to the surviving manual of Frontinus, the only known curator to write a 
manual on his curatorship, in which he details how the city aqueducts were operated and 
maintained. His text, De aquis, provides insight into the management of Roman public 
infrastructure, which in turn promoted health.  
Frontinus was a prominent magistrate and civil engineer, possibly from southern Gaul, 
who served in various positions from urban praetor to consul, in addition to serving in multiple 
military campaigns.73 In 97 CE, Frontinus writes, “Nerva Augustus… laid upon me the duties of 
water commissioner, an office which concerns not merely the convenience but also the health 
and even the safety of the city.”74 He began to write De aquis after his appointment to this 
position. In the text, he details the construction and maintenance of Roman aqueducts, presenting 
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the work as a handbook for his “own instruction and guidance” during his administration as well 
as a resource for successors in the office.75 We should take Frontinus’ words, however, with 
some caution, because his treatise may be seen as a propaganda piece celebrating the 
achievements of imperial policies, as evidenced by his numerous praises of the emperor (I.1, 
I.31, II.64, II.87, II.88, II.89). Some scholars believe that Frontinus lacked political motivation, 
but instead wanted to demonstrate “the greatness of Rome through its aqueducts” to general 
readers.76 In either interpretation, it can be assumed that Frontinus may have exaggerated certain 
points or omitted information.  Nonetheless, through an analysis of Frontinus’ treatise, we can 
see that generally speaking, the government took the initiative in building and maintaining public 
water infrastructure and that a legal framework was set up to ensure that water was properly 
distributed to the public to promote the health and well-being of the state.   
Water Supply  
The ancient Romans were aware of the importance of water for health, partly thanks to 
Greek medical literature which was disseminated across the empire, spreading knowledge from 
various sources including Hippocratic texts such as Airs, Waters, and Places. In section 88 of De 
aquis, Frontinus states that because of the water management efforts of Emperor Nerva, the 
health of the city improved due to the increase in the “number of the works, reservoirs, fountains, 
and water-basins.” If it were not for the emperor’s public initiative, the city would not have a 
“clean and altered” appearance, with purer air thanks to the removal of “the causes of the 
unwholesome atmosphere” —caused, according to Frontinus, by foul waters. The Romans 
understood that not all waters were the same; Frontinus refers to some as being unwholesome 
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and unfit for consumption, while others were more beneficial.77 Because water was so crucial to 
health, it was the responsibility of the magistrate to ensure that proper water was being supplied 
for “both the needs and health of the city.”  
Originally, Frontinus writes that for 441 years from the founding of the city, “the Romans 
were satisfied with the use of such waters as they drew from the Tiber, from wells, or from 
springs.”78 Until 312 BCE, the only water sources needed were available nearby, because Rome 
was still a small city-state. However, when the city grew and the nearby wells and springs were 
not enough, according to Frontinus, the censor Appius Claudius Crassus brought the first 
aqueduct, Aqua Appia, into the city. Subsequently, additional aqueducts were created when the 
available lines were “insufficient to meet both the public needs and the luxurious private 
demands of the day,” as was the case when Gaius Caesar, who succeeded Tiberius, began 
constructing two more aqueducts.79 In Frontinus’ view, the effects of the emperor increasing the 
water supply would “be felt still more in the improved health of the City, as a result of the 
increase in the number of works, reservoirs, fountains, and water-basins.”80 In other cases, 
Frontinus presents the need for additional aqueducts in terms of emerging public health concerns. 
For example, “to supplement Marcia, whenever dry seasons required an additional supply, 
Augustus also, by an underground channel, brought to the conduit of Marcia another source of 
water of the same excellent quality.”81 If there was a water shortage, private individuals did not 
handle the matter by investing in their own lines; rather, it was a public initiative which 
increased water supply through creation of more aqueducts or diverting new lines.  
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Furthermore, it was also a government initiative to ensure the quality of water that was 
distributed to the people. Frontinus states that the Emperor Nerva “deems he has contributed too 
little to [the people’s] needs and gratification merely by such increase in the water supply, unless 
he should also increase its purity and palatableness.”82 Essentially, Frontinus details how 
government management of water was carried out to enhance all the lines by correcting any 
issues with them. Several problems were prominent throughout the water lines. Even if the water 
at the source was pure, moderate rain could cause the city water to become turbid and muddy, 
especially water from Aqua Marcia and Aqua Claudia.82 The two Anios aqueducts were also 
known for being less clear, as the pure lake water was “made turbid by carrying away portions of 
[the aqueduct’s] loose crumbling banks, before it enters the conduits.”83 This was a problem 
particularly in the case of the Anio Novus, which was used to supplement shortages because of 
its large supply and its source from high elevation. Due to its function as a supplemental source, 
the Anio Novus caused contaminated waters to mix with the high-quality waters of other lines 
such as the Aqua Claudia.84 
Thus, according to Frontinus, government regulation determined “to separate them all 
and then to allot their separate functions so that first of all Aqua Marcia (known for its 
purity/coldness) should serve wholly for drinking purposes, and then the others should each be 
assigned to suitable purposes according to their special qualities.” And so, waters coming from a 
clean source were used for consumption, while waters which were less wholesome, especially 
from the Anio Vetus, were used to water gardens and to supply other “baser needs of the City 
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itself,” such as for sewage.85 Furthermore, Frontinus explains that Emperor Nerva ordered the 
source of Anio Novus to be changed from the river to a lake above the Neronian villa at Subiaco, 
where the water was very pure. With this new infrastructure in place, the water was free of 
sediments and chilled from natural shade, so that its quality rivaled that of the Aqua Marcia in 
purity and coldness.86 Thus, if there were health concerns relating to water quality, the Roman 
emperors attempted to remedy those issues and bring cleaner water to the city. If the available 
water source was not sufficient in quality, the government was prepared to change the 
infrastructure in order to provide better water for the health of the people.  
Distribution of Water  
Management of water distribution was handled by the state, as the state maintained and 
controlled the aqueducts. According to Frontinus, distribution of water from the lines was 
divided into three different categories: “in Caesar’s name” or imperial use, for private 
consumers, and for public functions. Public uses of water included opera publica such as baths, 
lacus (local pools from which anyone could draw water), fountains and military camps.87 
Flowing water was “enjoyed by right, but not the right of ownership.” That is, individuals could 
use water freely, but aqueducts were owned by the city. 88 In this way, water was made available 
for all individuals living in the city and was not a resource that had to be bought in order to be 
used. The state ensured that water was available for public use—a practice that can be traced 
back to an early Roman provision that “all water was delivered for the public use, and the law 
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was as follows: ‘No private person shall conduct other water than that which flows from the 
basins to the ground.’”89  
Although originally water was intended for public use only, grants were given for private 
use in later times by censors or aediles. However, Frontinus mentions a few governmental laws 
and regulations that ensured water was distributed properly, without excess going to private 
individuals in a way that would reduce the resource available for public needs.  In the treatise, 
Frontinus explains that to be able to draw public water for personal use, the individual must 
obtain the right to do so through a grant from the emperor. The water commissioner would then 
summon imperial deputies and surveyors to ensure that the proper pipes were installed in 
accordance with senatorial decree. Frontinus notes importantly that the decree “does not permit 
water to be drawn except from reservoirs, in order that the conduits or the public pipes may not 
be frequently cut into.”90 In this way, governmental law ensured that the public waters were not 
diverted for private consumption. 
Despite this, cases of fraud occurred where corrupt water-men91 used one system of 
measurements for water intakes and a different measurement for the delivery system. Water from 
public conduits was being diverted for private use without it appearing that excess water was 
being used. Many landowners “past whose fields the aqueducts run,” writes Frontinus, “tap the 
conduits; whence it comes that the public water-courses are actually brought to a standstill by 
private citizens, just to water their gardens.”92 Despite the law dictating that “no one shall draw 
water from the public supply without a license, and no one shall draw more than has been 
                                                          
89 Frontinus, De aquis II.94. 
90 Ibid., II.106. 
91 Ibid., I.9. The footnote available in the Loeb translation describes water-men or aquarii as men who 
“receive water from the State and in turn furnish it to the consumers.” 
92 Ibid., I.75. 
Lee 36 
 
 
granted,” fraud and corrupt practices were common occurrences, as indicated by the large 
amount of attention Frontinus devotes to them in his treatise. He mentions that because of this, 
conduits must be checked outside the city to verify the authorized grants along with the 
reservoirs and public fountains.93 This duty, Frontinus writes, is ordered by a decree of the 
Senate that states that “water commissioners, who have been appointed by Caesar Augustus, 
with the endorsement of the Senate, shall take pains that the public fountains may deliver water 
as continuously as possible for the use of the people day and night.”94  
Frontinus himself was so concerned about diversion of public waters that he added an 
ordinance of his own: “I desire that no one shall draw lapsed water except those who have 
permission to do so by grants from me or the preceding sovereign.” “Lapsed” waters resulted 
from letting fountains overflow, which he says is especially necessary because of their “use in 
the flushing of the sewers,” something Frontinus explains will ultimately benefit the health of the 
city.95 On one hand, it may appear wasteful to let fountains overflow continuously, but this 
public water supply served additional purposes: the runoff flushed sewage away and cleaned the 
streets.96 Furthermore, publicly distributed water also went towards latrines and bath houses that 
were open for all people to use. Although the baths may not have been entirely hygienic by 
modern standards, regular washing could help reduce human parasite populations which might 
transmit disease in the city, thus promoting the general well-being of the people. 97 With all these 
public needs and functions in view, it was an important governmental initiative to make sure 
water was being properly distributed to meet the needs of the city and ensure its health.   
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Maintenance of Aqueducts  
It was not uncommon for aqueducts to be damaged. The Aqua Claudia was 
commissioned in 38 CE, but only ran for ten years before falling out of service for nine years.98 
Frontinus lists several ways aqueducts can be damaged: “by the lawlessness of abutting 
proprietors, by age, by violent storms, or by defects in the original constructions, which has 
happened quite frequently in the case of recent works.”99 Therefore, it was an important duty of 
the water commissioner, according to Frontinus, to maintain the aqueduct lines and ensure 
proper water flow by assessing any issues and conducting repairs as needed. In general terms, he 
focuses in his treatise on the problems that most affected the aqueducts, which appear to have 
been leaks from damage to the interior lining and restriction of delivery due to accumulation of 
deposits.100 Lapsed water carried sewage into the Tiber outfall, which kept sewers relatively 
clean and removed waste and dirt from the city.101 Since Frontinus regarded a healthy city as one 
whose streets regularly cleared filth into the sewers, it was important for the government to keep 
the aqueducts properly maintained so that the water continued to flow. 
Although ancient writers like Vitruvius remark that use of lead to create pipes is 
undesirable and “must be injurious,” its low melting point and malleability made it ideal for 
use.102 Given what we know now of the dangers of lead poisoning, the widespread use of lead in 
ancient pipes seems dangerous. However, continuous water flow due to lack of taps to shut off 
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the flow would have helped with preventing prolonged contact with the metal—a further reason 
why proper maintenance was necessary to ensure constant water flow. Additionally, it is 
interesting to note that the accumulation of deposits Frontinus complains about are calcium 
formations which created a protective layer inside conduits, preventing lead from dissolving into 
the water source.103 The ancient writer may not have been aware of the potential benefits of high 
calcium level in almost all aqueduct water; nonetheless, its accumulation did affect how much 
water was distributed to the public, and so in Frontinus’ view, it had to be chipped away.  
 Frontinus’ De aquis shows that the Romans spent much time and effort thinking about 
systematic hygiene and cleanliness in the city. There was an understanding that unwholesome 
water may negatively affect health, and so a bureaucratic system was set up to ensure constant 
flow of high-quality water into the city. Offices were organized to deal with elements of 
government infrastructure like aqueducts, which were necessary to maintain public baths and 
sewer systems. In the ancient world, there were no environmental health specialists, yet 
Frontinus shows that the Romans had interests in dealing with concerns that modern-day 
environmental health specialists address, such as inspecting water quality and maintaining proper 
sanitation.  
  
                                                          
103 Bruun 2009, 311. 
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CONCLUSION 
In the Hippocratic treatise Airs, Waters, and Places, the extent of ancient knowledge is 
much more limited than in the modern day, given current technological advances. Many of the 
phenomena that ancient writers recorded are now explained through human pathology or 
microscopic particles in the environment that can negatively affect health. However, the ancient 
writers were able to pick up patterns that they observed in the natural world and make 
connections between the environment and human health in ways that are broadly similar to 
modern scientific understanding. Ancient writers hypothesized that environmental factors created 
imbalances in the body, thereby affecting health. They understood that differences in the internal 
constitutions of individuals, such as susceptibility to disease and difference in gender, could 
impact health conditions. Although their observations were less empirical, and the mechanisms 
of explanation do not appear correct in modern terms, ancient people still had an understanding 
that the world around them influenced their lives and health. 
Later, the medical approach illustrated by the Hippocratic writers was taken up by others 
as one way of understanding, describing, and using the natural world. Rather than simply using 
dietetics to foster health, writers in the Hellenistic and Imperial periods began to systemize the 
knowledge and practice of utilizing substances from the environment as pharmaka in order to 
treat human ailments. In his encyclopedia De materia medica, for example, Dioscorides 
“medicalizes” the natural world. By manipulating the materials around them, ancient physicians 
were able to deduce that different doses of substances have different effects on bodies, and they 
understood that it was dosage that made the difference between a substance being a remedy or 
being poison. Although they did not have a modern understanding of organic chemistry, ancient 
individuals like Dioscorides nevertheless understood that substances could be artificially 
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enhanced by inducing chemical changes such as boiling. Furthermore, since herbal lore was not 
restricted to those who practiced the art of medicine, people were more broadly able to access 
communal knowledge of herbal medicines, using elements of the natural world to promote their 
own physical health.  
It is only in the Roman Imperial era that we see a shift from individual to larger-scale 
manipulation of the environment to address illness, with governmental initiatives to create 
regulations and laws meant to promote health. Specific offices were set up to handle and oversee 
public infrastructure that benefited the health of the entire city, as we have seen in Frontinus’ De 
aquis. Here, in the Roman context, we come the closest to environmental health in the modern 
sense: an understanding that the physical environment not only affected health, but that it could 
be manipulated to promote health.  To utilize the water resources provided by the natural 
environment, the government created and maintained various aqueducts, which promoted health 
in the city of Rome as well as in other Roman territories.  
This selective study of key texts from different periods in Greco-Roman history shows 
that the ancients perceived the relationship between the environment and human health in several 
different ways. Rather than simply believing that divinity was the source of disease, they 
understood that the environment was also a factor. They manipulated their natural world in order 
to prevent illness, to promote general salubrity, and to create health-supportive environments, 
whether through individual or large-scale governmental efforts.    
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